Using a multicenter, cross-sectional, observation study, the long-term safety, metabolic profile, and viral efficacy of nevirapine (NVP)-based approaches in HIV-1-infected patients treated for at least 2 years were assessed. Exposure to nevirapine for up to 4 years is safe. Liver toxicity is infrequent and generally mild. HDL cholesterol levels consistently increase over time and viral suppression is maintained. 321 
INTRODUCTION N
EVIRAPINE (NVP) HAS BEEN ESTABLISHED as an effective, convenient, and well-tolerated anti-HIV therapy, which often leads to prolonged virological and immunological responses. [1] [2] [3] [4] The major concern with its use is liver toxicity. 5, 6 More specifically, the short-term risk of liver toxicity associated with the use of NVP has been reported in certain populations, such as HIV-1-infected patients with hepatitis B virus (HBV) and/or hepatitis C (HCV) coinfection, 7, 8 subjects with active alcoholism, 9 those carrying the HLA-DRB*0101 haplotype, 10 men with CD4 counts over 400 cells/mm 3 , as well as women with CD4 ϩ counts above 250 cells/mm 3 , and also those who are pregnant. 11, 12 Other side effects of NVPbased therapies include skin rash and anaphylactic reactions, which lead to Stevens-Johnson syndrome in less than 0.5% of patients. 13 Importantly, the previous findings about the occurrence and causes of NVP-related hepatotoxicity are conflicting regarding the groups of patients who are more likely to experience these adverse events. [12] [13] [14] Nevertheless, the majority of previous investigations have shown that liver toxicity and cutaneous reactions are most likely to occur within the first 6-18 weeks of NVP-based treatment.
On the other hand, NVP-based regimens have also been shown to achieve significant metabolic benefits, most importantly on patient lipid profiles. Thus, NVP may help to improve dyslipidemia and to decrease long-term patient cardiovascular risk. 1, 2 Given the high cost of current antiretroviral treatments, the development and implementation of safe, effective, and eco-nomical HIV therapies are urgently needed. Thus, low-cost approaches, such as those based on nevirapine, must be assessed for their use in the long term. Currently available controlled clinical studies [15] [16] [17] [18] do not precisely predict the clinical outcomes of patients receiving NVP beyond 48 weeks.
Our aim was to assess the safety, metabolic profile, and efficacy of NVP-based regimens after very prolonged patient exposure, in light of recent warnings regarding NVP-associated liver toxicity in the short term.
MATERIALS AND METHODS

Study design and population
This was a multicenter, cross-sectional, and observational study performed in 12 tertiary care hospitals in Spain. Adult HIV-1-infected patients were included if they had been receiving an NVP-containing highly active antiretroviral therapy (HAART) regimen for at least 2 years, regardless of the reason for its initiation (first-line, salvage, or simplification). Participants were identified by unselected consecutive recruitment from outpatient clinic visits during a total period of 4 months.
Study measurements
Data were collected using a standardized record sheet, which included three time points for analysis: baseline (the data of initiation of the NVP-containing regimen), 2 years after baseline, and the last clinical visit available for each patient.
The baseline evaluation included sociodemographic characteristics (age, gender, risk factors for HIV infection), treatments (antiretroviral treatment history, current HAART, medical visit schedule, weeks on NVP-based strategies), lipodystrophy, HIV/AIDS disease stage according to the 1993 Centers for Disease Control classifications, quantification of plasma HIV-1 RNA, CD4 ϩ and CD8 ϩ cell counts (determined in whole blood by flow cytometry), serum chemistry including fasting lipid profile (total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides), and liver enzymes: aspartate aminotransferase (AST), alanine, aminotransferase (ALT), and ␥-glutamyltransferase (GGT). At the subsequent time points (2 years and the last clinical visit), the following data were collected: lipodystrophy assessment, adherence, complete blood cell count, CD4 ϩ and CD8 ϩ T cell counts, HIV-1 RNA levels, and a complete serum chemistry including the fasting lipid profile and liver function.
Liver enzymes and lipid values were classified as abnormal according to the standard range of normal values determined by each hospital. Liver toxicity was defined as a 2.5-fold increase above the upper limit of the standard normal range or an increase of 2.5 times from baseline values. Severe hepatotoxicity was defined as a 5-fold or greater increase in liver parameters according to the standardized toxicity grade scale modified by the AIDS Clinical Trial Group, corresponding to grade III-IV of toxicity on this scale. 19 Acute clinical hepatitis was defined as the presence of physical signs and/or symptoms consistent with hepatitis concomitantly with abnormal liver chemistry.
Safety profiles, determined by analyzing liver enzymes, were compared between males with CD4 ϩ cell counts of more or less than 400 cells/l, and between females with CD4 ϩ cell counts of more or less than 250 cells/l, as well as between coinfected and noncoinfected patients.
Adherence reports were obtained from clinical notes. The proportion of compliance was calculated by dividing the number of pills consumed during the last month by the number of pills prescribed in the same period. Patients who consumed at least 95% of the prescribed doses during the treatment period were considered to have good adherence. Adherence was considered regular if patients took 90-95% of the prescribed therapy or if patients had a treatment interruption of up to 2 days. Bad adherence was considered to be the intake of less than 90% of the prescribed doses or the occurrence of an unplanned drug cessation for more than 2 days.
Statistical analysis
The longitudinal evolution of data collected at baseline, 2 years, and the last clinical visit was analyzed.
Differences in all parameters at baseline, 2 years, and the last visit of follow-up were determined. 209 (34%) Switch due to intolerance (%) 39 (6.5%) Good adherence (%) 56% Coinfected patients, n (%) 189 (31%) Lipodystrophy, n (%) 95 (15.5%) CD4 cells count Յ350 cell/l at 221 (37.2%) baseline, n (%) Viral load Ͼ10,000 copies/ml at 181 (30.7%) baseline n (%) Viral load Ͼ100,000 copies/ml at 63 (10.2%) baseline n (%) Ͼ100, 200, 350, and Ͼ400 cell/l), and baseline HIV-RNA viral load (categorized as Ͻ10,000, Ͼ10,000, copies/ml).
A backward stepwise procedure was used to select the best set of predictors of virological success.
RESULTS
Patient baseline characteristics
A total of 613 patients were included in this study. Baseline characteristics are summarized in Table 1 . The median followup time period was 43 months [interquartile range (IQR) . At the time of entry into the study, 41.5% (254 patients) had undetectable HIV-1 RNA levels (Ͻ50 copies/ml) and switched to an NVP-based strategy because of intolerance to the prior regimen or for simplification purposes, 24.5% (150 patients) were antiretroviral-naive, and 34% (209 patients) were on a failing previous regimen. Forty-nine percent of patients were classified as CDC stage A, 26% were stage B, and 25% were stage C. Lipodystrophy was present in 15.5% of patients. Coinfection with hepatitis B or C viruses was present in 31% of the patients (n ϭ 189). The most frequent nucleoside analogue backbone was zidovudine/lamivudine (29.7%) followed by didanosine/lamivudine (24.22%). A protease inhibitor was concomitantly administered in 5.7% of patients.
Tolerability and adverse events
Overall, 17% of patients reported experiencing adverse events during the study. The most frequent adverse event was lipodystrophy (29% of patients). Nine patients (5.7% of all adverse events) developed adverse effects that could be attributed to nevirapine, predominantly liver toxicity. Three cases of acute hepatitis were detected: two cases occurred in 2 hepatitis C virus-coinfected patients with a persisting alcoholic habit and one episode occurred in a pregnant HCV coinfected woman. Eighty patients (13%) discontinued therapy beyond 2 years, mostly due to virological rebound (37 patients, 6%). Hepatic toxicity was the reason for discontinuation in only 7 patients (1.1%).
Globally (Table 2) .
Grade III/IV toxicity, according to the standardized toxicity grade scale modified by the AIDS Clinical Trial Group, was infrequent in our cohort of patients (less than 2% in AST and ALT values). Median GGT values increased from 4% at baseline to 14% at the second year and to 13% at the last visit.
Overall, coinfected patients showed a greater percentage of moderate/severe hepatotoxicity than noncoinfected patients (1.8% in noncoinfected patients in comparison with 4.4% in coinfected patients at baseline, and 4.7% in noncoinfected patients versus 20.3% in coinfected patients at the last control visit). GGT levels also showed a greater increase over time in coinfected patients than other liver enzymes, for which abnormalities remained under 4% through the follow-up (Table 3) .
Patients with HBV and/or HCV coinfection displayed significantly higher baseline liver enzymes than noncoinfected patients [median AST: 41 U/L (IQR 29; 64) vs. 23 U/liter (IQR 18; 32); median ALT 42 U/L (IQR 26; 71) vs. 24 U/liter (IQR 17; 35), respectively]. Liver enzymes remained stable and without significant longitudinal changes in both groups (Fig. 1) . Patients concomitantly receiving PIs also showed higher AST and GGT values at baseline than the remaining patients. During the two follow-up time points, although AST and GGT values were higher in patients receiving PIs, differences did not reach statistical significance.
A comparative analysis between females with CD4 ϩ cell counts greater than 250 cells/mm 3 and females with fewer than 250 CD4 ϩ cells/mm 3 did not show differences regarding adverse events and evolution of liver enzymes. Males with CD4 ϩ cell counts greater than 400 cells/mm 3 , as compared to those with CD4 ϩ counts less than 400 cells/mm 3 , showed a statistical difference in GGT levels (p ϭ 0.001, 0.001, and 0.002 in baseline, second year, and last measurement, respectively). No differences in AST and ALT values were observed between these male groups. Globally, male patients showed greater values of AST and ALT than females, but a higher proportion of coinfected patients was male (138 patients, 73%). Global adverse events did not show differences between genders (p ϭ 0.707).
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ALT % (n) 0.9 (2) 3.8 (7) 1.3 (3) 2.7 (5) 0 (0) 3.7 (7) AST % (n) 0.4 (1) 4.3 (8) 0 (0) 2.7 (5) 0.4 (1) 3.7 (7) GGT % (n) 1.8 (4) 4.4 (8) 6(14
Lipid profile
Overall, median lipid values remained within the standard normal range throughout the study. However, there was a statistically significant increase in total cholesterol, HDL cholesterol, and triglyceride levels at the second year and at the last visit time points, with respect to baseline values (p Ͻ 0.01 for all values). LDL cholesterol values remained stable through follow-up.
The proportion of patients with normal HDL cholesterol levels increased from 17.7% at baseline to 34.9% at 2 years and to 35.4% at the last clinical visit (p Ͻ 0.001 at both follow-up visits). The percentage of patients with normal LDL cholesterol values (64.6% to 59.1% and 62.2% at baseline, 2 years, and the last visit) and normal triglycerides (67.4% to 66.1% and 71.1%, respectively) remained stable during the course of the follow-up period.
Significant differences were found in lipid profiles when controlling for the different motives for beginning an NVP-based regimen (Table 4) . Antiretroviral naive patients who started NVP as a first-line regimen showed a significant increase in HDL cholesterol from baseline values to the second year and the last visit (p Ͻ 0.001 in both time points). Total cholesterol and LDL fractions also increased from baseline to the second year (p Ͻ 0.001 and p ϭ 0.031, respectively) but remained stable afterward. Triglycerides remained stable at all time points analyzed in this group of patients.
Patients initiating NVP as a salvage regimen showed a significant increase in HDL cholesterol from baseline to the second year and to the last visit (p Ͻ 0.001 for both time points), as well as in total cholesterol values at the last visit (p ϭ 0.001).
Patients who switched to NVP due to simplification or toxicity achieved an improvement in HDL cholesterol at 2 years and at the last visit (p Ͻ 0.001 for both time points). Indeed, LDL cholesterol also improved at the last visit (p ϭ 0.024), and total cholesterol improved between the second year and the last visit (p ϭ 0.018). In addition, triglyceride levels significantly improved at the last visit with respect to baseline (p ϭ 0.023).
All lipid profile changes described are summarized in Fig. 2 . The proportion of patients with normal lipid profiles increased for all relevant parameters in the simplification group. In the remaining arms, while the percentage of patients with normal HDL fractions and triglycerides increased, the proportion of patients with normal LDL and total cholesterol values decreased at the last visit, with respect to baseline values. Median triglycerides, LDL, HDL, and total cholesterol values tended to be lower in HBV and HCV coinfected patients than in the remaining subjects, although differences between groups were not statistically significant at any time point, for any of these parameters.
Regarding the association between treatment combinations and lipid abnormalities, patients receiving concomitant PI treatment had higher LDL and total cholesterol levels (p Ͻ 0.001) than patients not receiving PIs. Moreover, patients receiving d4T had lower HDL and higher LDL cholesterol levels than those on d4T-sparing regimens (p ϭ 0.008 and p ϭ 0.049, respectively, from baseline). No particular associations could be established between lipodystrophy and treatment combinations.
Adherence
Adherence data were available for more than 80% of the study subjects throughout the follow-up period. Up to 60% of patients achieved good adherence during the follow-up (defined as the consumption of at least 95% of the prescribed doses). These patients were more likely to achieve and maintain undetectable HIV-1 RNA levels at the second year and last visit time points. 
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Virological and immunological outcomes
At the latest time point available (median follow-up of 43 months), of 76% of treatment-naive patients, 74% of patients switched for simplification strategies, and 59% of patients on salvage approaches had undetectable viral loads (plasma HIV-1 RNA Ͻ50 copies/ml). Additionally, patients from the salvage therapy group showed a decrease in viral load from the baseline median (IQR) of 0.58 log 10 (Ϫ1.85; 0).
The median CD4 ϩ cell count increased from baseline values by 224 cells/l in treatment-naive patients, and by 134 cells/l from baseline in patients on salvage therapies. Patients who changed regimens due to intolerance or simplification showed an increase from baseline in their CD4 ϩ cell counts of 77 cells/l. Virological and immunological results are summarized in Table 5 .
Predictors of virological outcome
In the univariate analysis, factors associated with an HIV-1 RNA load of Ͻ50 copies/ml at the final visit in patients with detectable viral loads at baseline were male gender [odds ratio: Other parameters such as age, gender, or years of infection were not associated with a particular virological response in our study (Table 6 ).
DISCUSSION
In this cross-sectional, multicenter study we have shown that the prolonged use of nevirapine, beyond 2 years of treatment, constitutes a safe and potent approach. Moreover, we found that the safety of NVP in patients continuously treated beyond 2 years of exposure is independent of gender and initial CD4 ϩ cell count, although hepatitis B/C coinfected patients have significant, major increases in AST/ALT values.
Our results, obtained under routine clinical conditions, concur with other studies regarding the low frequency of long-term severe hepatotoxicity. 2, 5, [20] [21] [22] [23] These studies demonstrated that clinically relevant hepatotoxicity related to nevirapine predominantly occurs early and in patients with high CD4 counts (particularly women with CD4 counts Ͼ250 cells/mm at initiation of therapy). When treating patients with lower CD4 counts (women Ͻ250 and men Ͻ400), the use of nevirapine appears to have a remarkably low rate of drug-related adverse events in both the short [10] [11] [12] and long term.
We recognize that our patient population is biased because of the exclusion of those patients who discontinued treatment with NVP within the first 2 years due to adverse events. However, we would like to stress that in contrast to previous studies, our aim was to determine if very prolonged exposure to nevirapine could be associated with late-onset toxicity in those who had tolerated the drug initially.
Recent studies have warned of the risk of early nevirapine-associated hepatotoxicity, especially in patients presenting with hepatitis B or C coinfection, pregnant women, and women with CD4 ϩ cell counts above 250 cells/mm 3 . However, the conclusions of these investigations are discordant in reference to the Coming from HAART failure (median values, mg/dl).
Intolerance or simplification (median values, mg/dl).
Evolution of lipid profile in naïve patients (median values, mg/dl).
FIG. 2. Evolution of lipid profile according to NVP use expressed in median values (mg/dl).
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groups that are most likely to suffer from NVP-related hepatotoxicity. 1, [11] [12] [13] [14] Despite such conflicting results, these studies have concordantly reported that the appearance of liver toxicity occurs within the first weeks of initiating nevirapine-based treatment.
In our study, a large proportion (approximately 31%) of the patients were coinfected with B or C hepatitis viruses. Contrary to the results of previous investigations, 7, 8 we found that both coinfected and noncoinfected patients present similar liver pro- file evolutions in the long term, despite significantly higher baseline values in coinfected patients. More specifically, both hepatitis coinfected and noncoinfected patients exhibited a similar increase and kinetics of liver enzymes over time, although median AST and ALT values tended to be higher in HBV or HCV coinfected patients from baseline to the final visit. The proportion of grade III or IV toxicity was three times more frequent in coinfected patients than noncoinfected subjects. Also, in contrast to recent warnings 11, 13 regarding liver toxicity in the short-term in HIV-infected women starting NVP with CD4 cell counts of Ͼ250 cells/l, we found no relationship between the female gender, immunosuppression, and an increase of toxicity in our cohort of patients with exposure beyond 2 years. The difference in findings may result from the long-term focus of our study, in contrast to the short-term focus of the studies referenced above that warn of early-onset hepatoxicity. Regarding differences between genders, we observed a statistical increase of liver enzymes in males, as compared to females. A possible explanation for this phenomenon is that most of the coinfected patients were male (73%).
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Some authors consider the pathogenesis of hepatic toxicity to be related to immunological depletion 15 or recovery, 6, 22 while others have not found a relationship between immune status and hepatotoxicity. 24 On the other hand, a possible increase in NVP concentration in patients with previous hepatic dysfunction is postulated as a possible cause of liver toxicity. [25] [26] [27] We stratified the analyses of liver toxicity according to different CD4 ϩ levels and have been unable to establish any relationship between liver toxicity and the degree of immune depression in the long term.
In concordance with other studies, 2, 5 we observed that NVPcontaining treatments caused higher and more frequent increases in GGT levels than in ALT, AST, total bilirubin, or alkaline phosphatase levels. Although the total rise in GGT levels was statistically significant, it reached a plateau after 2 years. This has also been shown in the meta-analyses performed by Murphy. 22 The clinical significance of GGT increases remains unclear. One trial postulated that this parameter should be interpreted as a marker of microsomal induction, 16 rather than a sign of hepatic cellular damage. Importantly, GGT increases are not related to clinical hepatitis in our study.
In terms of patient lipid profiles, our results agree with those of previous studies, showing that NVP-containing regimens contributed to ameliorate the lipid profile of HIV-experienced patients. Mean lipid values were stable over time, with a significant improvement in triglycerides and HDL cholesterol values. The improvement seen in naive and switching strategies may be related to the intrinsic impact on HDL metabolism by NNRTI drugs, 28, 29 and also to the withdrawal of PIs, which are known to worsen lipid metabolism. 1,2,30 Likewise, our results showed a lasting improvement in HDL cholesterol and total cholesterol HDL ratios (two parameters linked to cardiovascular risk) associated with long-term nevirapine use. Consequently, one benefit of treatment with NVP could be the achievement of an antiatherogenic lipid profile. 29, 31 The favorable initial virological response achieved with nevirapine use was maintained throughout this prolonged exposure in almost 70% of patients who were either on a simplification approach or on first-line therapy. Factors associated with viral suppression in our study were baseline CD4 cell counts, adequate adherence, and first-line antiretroviral treatment. Furthermore, we have observed that the favorable virological response seen both in our patients and in those of different studies 3,4,17 may be maintained for very prolonged time periods without a subsequent significant increase in toxicity.
In conclusion, liver toxicity associated with the use of nevirapine beyond 2 years was generally mild and infrequent, and no unexpected long-term toxicities have been documented in our cohort. Long-term exposure to NVP was associated with favorable lipid profiles as well as virological and immunologic responses for up to 43 months of follow-up. Those on first-line treatment, those with baseline CD4 cell counts of more than 400 cells/l, and those with optimal adherence were more likely to have undetectable viral loads at the last clinical visit. Our results confirm the prolonged clinical utility of nevirapine-based regimens in the routine clinical setting as a safe and effective approach.
